Abstract. In boreal bogs plant species are low in number, but they differ greatly in their growth forms and photosynthetic properties. We assessed how ecosystem carbon (C) sink dynamics were affected by seasonal variations in photosynthetic rate and leaf area of different species. Photosynthetic properties (light-response parameters), leaf area development and areal cover (abundance) of the species were used to quantify species-15 specific net and gross photosynthesis rates (PN and PG, respectively), which were summed to express ecosystemlevel PN and PG. The ecosystem-level PG was compared with a gross primary production (GPP) estimate derived from eddy covariance measurements (EC).
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Net photosynthesis model
To obtain a species-wise flux reconstruction of PN and PG, we fitted a nonlinear mixed-effects model separately for each combination of species and month. Mixed-effects modeling approach allowed us to take into account the variation between samples, of which each was measured at three light levels. We used the hyperbolic light saturation curve of PN (Larcher, 2003) (Eq. (1)):
where PNsi is the observed net CO2 exchange (mg CO2 m -2 (LA) h -1 ) and PPFDsi is the photosynthetic photon flux density for measurement i of sample s. The three parameters to be estimated are the maximum rate of lightsaturated net photosynthesis (Pmaxs), the PPFD level where half of Pmax was reached (ks) and respiration (Rs), and were assumed to be constant for each combination of species and month. esi is the normally distributed residual variance of the model with a mean of zero. Normally distributed random effect of the sample was included in one (Table S1 ). All models were fitted using the functions nlme of the R program package nlme (Pinheiro
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and Bates, 2000).
Sphagna were not measured in June nor were vascular plants in July due to technical failures of the devices so light response curves for these months were fitted by combining the data from the previous and following month for each species. In 5 of the 95 species-month combinations only one sample of the species had an acceptable measurement. The parameters for these months were estimated separately without the mixed model structure
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(Supplementary information, Table S1 ).
Upscaling
To upscale species-level photosynthesis to the ecosystem level, the cover of each species was estimated within the study site with a systematic vegetation inventory conducted in July 2013. We estimated the relative cover of each plant species in 121 0.071 m 2 plots (Table 1) , which were arranged in a regular grid in a 30 m radius circle around 25 the EC tower. To link net photosynthesis measured per leaf area to species cover, we converted species cover in the study area to leaf area index (LAI) using linear relationships between the two (Supplementary information, Table S2 ). Relationships were based on an inventory made in July 2012 over a 200 m radius circle where species cover was estimated and then all living aboveground vegetation was harvested from 65 0.071 m 2 inventory plots for LAI measurements. The vascular plant LAI of these samples was measured in the laboratory.
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We monitored LAI development of each vascular plant species over the growing season in 18 permanent sampling plots (0.36 m 2 ) that represented all the vegetation communities (n=3 in each vegetation community) along the microtopographical gradient in the study site. LAI was estimated every third week according to method described by Wilson et al., (2007) . Continuous LAI development of each species was then estimated by fitting a log-linear response to the observations. The shape of the log-linear LAI development was taken from this fitting and the
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Biogeosciences Discuss., doi:10.5194/bg-2016 Discuss., doi:10.5194/bg- -265, 2016 were not meaningfully changed by using marginal prediction, i.e. averaging the predictions over the distribution random effects (e.g. de-Miguel et al., 2012) and were therefore computed using the fixed part of the model only.
Growing season net and gross photosynthesis estimates -PN and PG -of the whole study site were calculated as a 10 sum of the daily values.
Ecosystem-level CO2 exchange measurements and estimation of gross primary production
To validate the measured levels of photosynthesis, the calculated values were compared with the GPP estimates obtained by EC measurements, which offer an independent estimate of the ecosystem-level CO2 exchange Net ecosystem exchange (NEE) measured by the EC method was then partitioned into ecosystem gross primary production (GPP) and ecosystem respiration (Reco). The daytime Reco estimates were obtained from the Q10-type 25 temperature response curve fitted to the nighttime EC data, when respiration is the only component of NEE.
Nighttime was defined as all the periods when the sun was lower than 5° below the horizon. Peat temperature at 5cm depth was used as the driver of Reco, yielding the relationship Eq. (2):
where Tp is the peat temperature at a 5cm depth (°C) and Tref is the peat reference temperature of 12°C. Parameters
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to be estimated from the fit of the model (Eq. (2)) to all available nighttime data were Rref, the reference respiration at the temperature of 12 °C, and Q10 is the temperature sensitivity coefficient.
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The GPP estimate was calculated by subtracting the modeled Reco from the EC-derived NEE. Finally, in order to gap-fill the GPP time series, a model using PPFD (from the SMEAR II measurement station) and the footprintscale LAI was fitted to the data following Eq. (3):
where GPP is expressed in mg (CO2) m -2 h -1
. LAI is the modeled daily vascular leaf area index described above, while b represents the temporally constant contribution of the Sphagnum to total LAI. 
Cumulative growing season gross photosynthesis
Fitting the temperature response curve of respiration (Reco, Eq. (2)) into the nighttime eddy covariance data yielded a reference respiration (Rref) of 123 mg(CO2) m -2 h -1 and Q10 of 3.5, which were then used for partitioning the eddy covariance net ecosystem exchange (NEE) into gross primary productivity (GPP) and respiration (Reco). In (Fig. 1) .
Sphagna at the study site had higher cumulative growing season PG value (138 g C m -2 ) than vascular plants (92 g C m -2 ). Sphagna had higher daily PG than vascular plants in spring and autumn but were almost at the same level in the middle of the summer (Fig. 2) . A small increase in Sphagnum photosynthesis was observed during May ( Fig. 2 and 3b ) due to increment of daily PPFD towards midsummer.
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The three vascular plant species having the highest PG in the ecosystem were C. vulgaris, R. alba and A. polifolia.
A. polifolia was the most productive species in May and September, R. alba in June and July and C. vulgaris in August ( Fig. 3a and 4a ). With 13% cover altogether (Table 1) , they formed 22% of the seasonal ecosystem PG and 56% of the vascular plant PG (Fig. 4) . The three Sphagnum species with highest PG at the ecosystem level were S. papillosum, S. fuscum and S. rubellum ( Fig. 3b and 4b) . As with all of the Sphagnum species, their PG per ground 25 area decreased steadily over the growing season (Fig. 3b) . With 42% cover altogether (Table 1) , they formed 40% of the seasonal ecosystem PG, 67% of the PG of Sphagnum mosses (Fig. 4) .
Cumulative growing season net photosynthesis
The aboveground vegetation of the study site was a carbon sink of 77 g C m -2 over the growing season as estimated by PN value upscaled to ecosystem level using the species-and month-wise light response curves. PN results for The shape of PG and GPP development differed over the growing season, especially at the beginning of the 30 summer, which is likely to be largely due to the constant temperature of 20 °C in our laboratory measurements (Fig. 1b) . Our PG values were higher than GPP in May when vascular plants had a high capacity to use low light levels (k) and Sphagna had high Pmax (Supplementary information, species of different phenology had the highest ecosystem-level photosynthesis at distinct phases of the growing season. In addition, Sphagna and evergreen shrubs formed two stable baselines of ecosystem PG, which was further increased by the mid-summer PG peak of R. alba. This suggests that the growing season PG of our study site is not only more stable but is also larger than it would be with a more functionally homogenous assemblage of species.
Several studies have suggested that the C sink function of bogs is more stable over the growing season than that 15 of fens, which have more homogenous and sedge dominated vegetation (Bubier et al., 1998; Leppälä et al., 2008) .
Hence, our results should be compared with the patterns of photosynthetic productivity of a peatland site with a more homogenous plant assemblage.
Based on small-scale experimental studies, bog species and growth forms are known to vary in terms of their contribution to ecosystem productivity and to differ in their responses to manipulations of environmental 20 conditions (Weltzin et al., 2000; Ward et al., 2009; Kuiper et al., 2014) . In this study, the laboratory measurements of species photosynthetic parameters were for the first time upscaled to ecosystem level over a whole growing season and verified by the comparison with EC measurements. The diversity of vegetation was found to make the photosynthetic productivity of a boreal bog more stable over a growing season as seen by the differences within species in the timing of their maximum PG. Diversity in species responses to environmental factors is hypothesized 25 to make a plant community more resilient towards changing conditions (Yachi and Loreau, 1999; Gunderson, 2000) . In addition to species diversity, plant community diversity within an ecosystem has been shown to increase ecosystem stability during a severe drought in grasslands (Frank and McNaughton, 1991) . In boreal bogs, Sphagnum mosses create microtopographic variations that -according to model simulations -increase resilience towards environmental perturbations both through the diversity of growth forms it supports and by variation in 30 physical properties between microforms (Turetsky et al., 2012) . To find out about the effect of bog spatial heterogeneity on ecosystem resilience, studies extending over several growing seasons are needed. As demonstrated in an arctic sedge fen, the impact of extreme weather conditions on ecosystem C sink may occur with a lag of one growing season (Zona et al., 2014) . Our study provides tools to empirically study the role of species and community diversity at the ecosystem scale. The combination of laboratory measurements of 35 photosynthetic parameters, phenological monitoring and EC measurements opens up the possibility of long-term and experimental ecosystem-level studies on the effect of functional diversity on the peatland ecosystem carbon sink. The long-term measurements would permit the inclusion of a wider range of environmental conditions. In
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